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(57) According to a first aspect of the invention, a
control method for a four-wheel drive vehicle includes
the steps of detecting a braking operation, detecting an
accelerator opening or throttle opening greater than or
equal to a predetermined value, and regarding the oper-
ational condition of the vehicle as the absence of a brak-
ing signal in the case that the accelerator opening or throt-
tle opening greater than the predetermined value is de-
tected simultaneously with the detection of the braking
operation. According to a second aspect of the invention,
in a drive force control method for a four-wheel drive ve-
hicle using an estimated drive torque for the control, a
delay element is added to a value for the estimated drive
torque at the trailing edge thereof. With this control, the
behavior of the four-wheel drive vehicle is stabilized when
a depression force applied to an accelerator pedal is re-
moved.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates according to a first aspect of the invention to a control method for a four-wheel
drive vehicle and according to a second aspect of the invention to a drive force control method for a four-wheel drive
vehicle.

Description of the Related Art

[0002] In the case of turning a corner having a small turning radius in a four-wheel drive mode of a four-wheel drive
vehicle in a low to medium vehicle speed range, a difference in rotational speed due to a difference in turning radius is
generated between the front and rear wheels of the vehicle, causing a tight corner braking phenomenon. As the prior
art for eliminating such a tight corner braking phenomenon, front and rear wheels driving devices are disclosed in
Japanese Patent Publication Nos. Hei 7-61779 and Hei 7-64219.
[0003] The front and rear wheels driving devices disclosed in these publications have such a structure that a speed
increasing device is provided between main drive wheels and auxiliary drive wheels to thereby adjust an average
rotational speed of the auxiliary drive wheels to an average rotational speed of the main drive wheels. This speed
increasing device includes a lockup clutch and a speed increasing clutch, which are selectively switched between ON
and OFF states to thereby obtain a lockup condition where the average rotational speed of the main drive wheels and
the average rotational speed of the auxiliary drive wheels are substantially equal to each other or a speed increase
condition where the average rotational speed of the auxiliary drive wheels is greater than the average rotational speed
of the main drive wheels.
[0004] Particularly in the front and rear wheels driving device disclosed in Japanese Patent Publication No. 7-61779,
a torque distribution ratio between right and left rear wheels are controlled according to a vehicle speed and a steering
angle so that the rear wheel torque is larger than the front wheel torque and the turning outer wheel torque is larger than
the turning inner wheel torque. In this front and rear wheels driving device, the auxiliary drive wheels are increased in
rotational speed by the speed increasing device in turning a corner having a small turning radius in the four-wheel drive
mode, thereby preventing the tight corner braking phenomenon.
[0005] In a control method for a four-wheel drive vehicle according to the first aspect of the invention, changing the
control method in braking the vehicle has been proposed in many documents. For example, Japanese Patent No.
2534732 discloses a drive force control method for a four-wheel drive vehicle wherein when a brake pedal is depressed,
the drive force distribution ratio between front and rear wheels is controlled so that the drive force distribution ratio of
the rear wheels to the front wheels is reduced. Japanese Patent Laid-open No. Sho 58-56923 discloses a
two-wheel/four-wheel drive mode switch control device for performing a control method for a four-wheel drive vehicle
so that the drive mode can be switched between a two-wheel drive mode and a four-wheel drive mode according to a
running condition, wherein when slip occurs in the two-wheel drive mode, the two-wheel drive mode is automatically
switched to the four-wheel drive mode, and when a brake signal is generated in braking the vehicle, the four-wheel drive
mode is switched to the two-wheel drive mode.
[0006] Japanese Patent Application No. 2004-105026 filed by the present applicant discloses a control method for a
four-wheel drive vehicle having a speed increasing mechanism capable of being switched between a same speed
condition and an increasing speed condition of the rear wheels with respect to the front wheels, wherein the same speed
condition can be switched to the increasing speed condition according to a running condition, and when braking is
detected, the increasing speed condition is switched to the same speed condition.
[0007] The reason for such changing of the control upon depression of the brake pedal is that it is generally considered
that the operator depresses only the brake pedal and intends to decelerate the vehicle. However, there is a case that
both the brake pedal and the accelerator pedal may be simultaneously depressed in the following circumstances.

(1) In the case of starting a vehicle having an automatic transmission on a slope
(2) In the case of adjusting acceleration during turning by depressing the brake pedal simultaneously with depression
of the accelerator pedal

[0008] If braking is detected in either the case (1) or (2) mentioned above to change the control in a four-wheel drive
vehicle, there is a possibility that the behavior of the vehicle may become unstable or the effect of four-wheel drive may
be reduced. Therefore, if both the brake pedal and the accelerator pedal are simultaneously depressed and the accelerator
opening is greater than or equal to a certain value, it is preferable to regard the operational condition of the vehicle as
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a driving condition, so that the control can be made stable.
[0009] With respect to the drive force control method for a four-wheel drive vehicle according to the second aspect of
the invention, when the vehicle is accelerated during turning, the vertical loads on the inner wheels and the front wheels
are reduced by the influence of lateral and longitudinal accelerations acting on the vehicle body. Further, since the front
wheels are steered for turning, a lateral force acting on the front wheels is greater than that acting on the rear wheels.
The greater the vertical load, the greater the drive force that can be generated by each tire. Therefore, the load on the
tire of each front wheel is greater than the load on the tire of each rear wheel during turning at acceleration, and the load
on the tire of each inner wheel is greater than the load on the tire of each outer wheel during turning at acceleration.
The load on each tire depends on the degree of turning (the magnitude of lateral G) and the magnitude of acceleration.
[0010] It is effective to make the load on each tire uniform in improving the acceleration performance during turning.
However, no mention as to making uniform the vertical load on each tire, or the load on each tire is made in the above
publications, and minute drive force control is not disclosed in these publications. For example, a conventional drive
force control method for the above front and rear wheels driving device has a problem such that the actual behavior of
the vehicle body cannot be sufficiently grasped according to a road condition.
[0011] The present applicant has proposed a drive force control method for a four-wheel drive vehicle which can
overcome the above noted problems as Japanese patent application No. 2004-105023. In this previously filed invention,
the control method include estimating a drive torque and carrying out a drive force control method for a four-wheel drive
vehicle by using an estimated drive torque.
[0012] When the operational condition of the vehicle during turning is shifted from a driving condition where an accel-
erator pedal is depressed to an engine brake condition where a depression force applied to the accelerator pedal is
removed, a drive force acting on the vehicle is reduced and a deceleration G is generated in the vehicle body. Owing
to this deceleration G and a turning lateral acceleration generated during turning, the vertical load on each tire changes.
As a result, there is a possibility of tack-in (such that the vehicle shifts inward from a desired turning circle) or tack-out
(such that the vehicle shifts outward from a desired turning circle). In the drive force control method for the four-wheel
drive vehicle described in the above prior art, the drive force distribution between the right and left wheels is performed.
Accordingly, when the depression force applied to the accelerator pedal is removed, the drive force distribution ratio
between the right and left wheels is changed to cause a possibility of adverse effects on the behavior of the vehicle.

SUMMARY OF THE INVENTION

[0013] It is therefore a first object of the present invention to provide a control method for a four-wheel drive vehicle
which can attain comfortable and stable control when both the brake pedal and the accelerator pedal are simultaneously
depressed.
[0014] In accordance with a first idea of the first aspect of the present invention, there is provided a control method
for a four-wheel drive vehicle such that the control is changed in braking the vehicle, including the steps of detecting a
braking operation; detecting an accelerator opening or throttle opening greater than or equal to a predetermined value;
and regarding the operational condition of the vehicle as the absence of a braking signal in case that the accelerator
opening or throttle opening greater than or equal to the predetermined value is detected simultaneously with the detection
of the braking operation.
[0015] According to the control method as defined above, the operational condition of the vehicle is regarded as the
absence of a braking signal, i.e., as a driving condition in case that an accelerator opening or throttle opening greater
than or equal to a predetermined value is detected simultaneously with the detection of braking. Accordingly, comfortable
and stable control can be attained.
[0016] In accordance with another idea of the first aspect of the present invention, there is provided a control method
for a four-wheel drive vehicle having main drive wheels connected to a driving power source, auxiliary drive wheels
adjustable in drive torque, and a speed increasing mechanism capable of being switched between a same speed condition
and an increasing speed condition of the auxiliary drive wheels with respect to the main drive wheels, wherein the speed
increasing mechanism can be switched to the increasing speed condition according to a running condition of the vehicle,
the control method including the steps of detecting a braking operation; detecting an accelerator opening or throttle
opening greater than or equal to a predetermined value; and maintaining the speed increasing mechanism in the in-
creasing speed condition in case that the accelerator opening or throttle opening greater than or equal to the predeter-
mined value is detected simultaneously with the detection of the braking operation.
[0017] According to the control method as defined above, the speed increasing mechanism is maintained in the
increasing speed condition in case that an accelerator opening or throttle opening greater than or equal to a predetermined
value is detected simultaneously with the detection of braking. Accordingly, a sufficient turning performance can be
obtained during accelerated turning.
[0018] In accordance with a further idea of the first aspect of the present invention, there is provided a control method
for a four-wheel drive vehicle having main drive wheels connected to a driving power source, and auxiliary drive wheels,
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wherein the drive mode of the vehicle can be switched between a two-wheel drive mode and a four-wheel drive mode
according to a running condition of the vehicle, the control method including the steps of detecting a braking operation;
automatically switching to the two-wheel drive mode when detecting the braking operation in the four-wheel drive mode;
detecting an accelerator opening or throttle opening greater than or equal to a predetermined value; and maintaining
the four-wheel drive mode in case that the accelerator opening or throttle opening greater than or equal to the prede-
termined value is detected simultaneously with the detection of the braking operation.
[0019] According to the control method as defined above, the vehicle is maintained in the four-wheel drive mode in
case that the accelerator pedal is gradually depressed with the brake pedal being depressed at starting the vehicle on
a snowy slope, for example. Accordingly, a sufficient slope starting performance can be obtained.
[0020] The above and other objects, features and advantages of the present invention and the manner of realizing
them will become more apparent, and the invention itself will best be understood from a study of the following description
and appended claims with reference to the attached drawings showing some preferred embodiments of the invention.
[0021] Moreover, it is a second object of the present invention to provide a drive force control method for a four-wheel
drive vehicle which can suppress a change in behavior of the vehicle occurring in removing the depression force applied
to the accelerator pedal.
[0022] In accordance with a first idea of the second aspect of the present invention, there is provided a drive force
control method for a four-wheel drive vehicle using an estimated drive torque for the control, the drive force control
method comprising the step of adding a delay element to a value for the estimated drive torque at the trailing edge thereof.
[0023] According to the idea as defined above, a change in behavior of the vehicle in rapidly removing a depression
force from the accelerator pedal can be reduced to thereby improve the drivability of the vehicle. In particular, a tack-out
phenomenon (such that the vehicle shifts outward from a desired turning circle) occurring in removing a depression
force from the accelerator pedal can be suppressed.
[0024] In accordance with a second idea of the second aspect of the present invention, there is provided a drive force
control method for a four-wheel drive vehicle including a torque distributing mechanism capable of changing a drive
force distribution ratio between front and rear wheels and a drive force distribution ratio between right and left front
wheels or between right and left rear wheels, the drive force control method comprising the steps of detecting a lateral
G to output a lateral G signal; increasing the drive force distribution ratio of the rear wheels to the front wheels according
to an increase in absolute value of the lateral G signal; increasing the drive force distribution ratio of a turning outer
wheel as one of the right and left front wheels or one of the right and left rear wheels to a turning inner wheel as the
other according to an increase in absolute value of the lateral G signal; and adding a delay element to a value for an
estimated drive torque at the trailing edge thereof.
[0025] According to the second idea of the second aspect as defined above, the drive force distribution ratio of the
rear wheels to the front wheels is increased with an increase in absolute value of the lateral G signal, and the drive force
distribution ratio of the turning outer wheel to the turning inner wheel is increased with an increase in absolute value of
the lateral G signal. Accordingly, the load on each tire can be made uniform, and understeer occurring during turning at
acceleration can be suppressed to obtain stable acceleration.
[0026] Further, a change in behavior of the vehicle in removing a depression force from the accelerator pedal can be
reduced to thereby improve the drivability of the vehicle. In particular, a tack-out phenomenon occurring in removing a
depression force from the accelerator pedal can be suppressed.
[0027] The above and other objects, features and advantages of the present invention and the manner of realizing
them will become more apparent, and the invention itself will best be understood from a study of the following description
and appended claims with reference to the attached drawings showing some preferred embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]

FIG. 1 is a schematic diagram showing a power transmitting system for a four-wheel drive vehicle to which the drive
force control method of the present invention is applicable;
FIG. 2 is a sectional view of a speed increasing device (speed changing device) and a rear differential device;
FIG. 3 is a diagram showing the locus of each wheel during turning of the vehicle;
FIG. 4A is a diagram showing the transmission of power to the rear wheels during straight running at acceleration;
FIG. 4B is a diagram showing the transmission of power to the rear wheels during turning at acceleration;
FIG. 5 is a block diagram of a control system according to a preferred embodiment of the present invention;
FIG. 6 is a graph showing the relation between lateral G and torque distribution ratios of the outer wheel and the
rear wheels;
FIG. 7 is a flowchart showing the processing of calculating a drive force distribution ratio between the front and rear
wheels and a drive force distribution ratio between the right and left rear wheels in the preferred embodiment of the



EP 1 627 763 A2

5

5

10

15

20

25

30

35

40

45

50

55

present invention;
FIG. 8 is a graph showing the relation between estimated slip angle and torque reducing amounts to the outer wheel
and the rear wheels;
FIG. 9 is a flowchart showing the detection of a running condition;
FIG. 10 is a flowchart showing the calculation of a target rear wheel torque;
FIG. 11 is a flowchart showing 4WD control according to the target rear wheel torque;
FIG. 12 is a graph showing the relation between vehicle speed and torque distribution to the rear wheels;
FIG. 13 is a graph showing the relation between accelerator opening and torque distribution to the rear wheels;
FIG. 14 is a graph showing the relation between shift position and torque distribution to the rear wheels;
FIG. 15 is a graph showing the relation between rear differential oil temperature and torque distribution to the rear
wheels;
FIG. 16 is a flowchart showing the processing of calculating a target rear outer wheel torque;
FIG. 17 is a graph showing the relation between vehicle speed and torque distribution to the rear outer wheel;
FIG. 18 is a graph showing the relation between shift position and torque distribution to the rear outer wheel ;
FIG. 19 is a graph showing the relation between rear differential oil temperature and torque distribution to the rear
outer wheel;
FIG. 20 is a flowchart showing the processing of controlling the change from a lockup condition to a speed increase
condition;
FIG. 21 is a flowchart showing the processing of controlling the change from a speed increase condition to a lockup
condition;
FIG. 22 is a flowchart showing the processing of stabilizing the behavior of the vehicle in an unstable condition of
the vehicle;
FIG. 23 is a graph showing the relation between shift position and permission/inhibition of the speed increase;
FIG. 24 is a flowchart showing the control in an engine brake condition;
FIG. 25A is a flowchart showing the control during braking according to the first aspect of the invention;
FIG. 25B is a flowchart showing the control during braking according to the second aspect of the invention;
FIG. 26 is a flowchart showing the processing of permitting the speed increase condition after low-speed running;
FIG. 27A is a waveform diagram of estimated drive torque signal with the delay element added;
FIG. 27B is a waveform diagram outputted after high selection; and
FIG. 28 is a flowchart showing a control in case a brake pedal and an accelerator pedal are simultaneously depressed.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0029] Referring to FIG. 1, there is shown a schematic diagram of a power transmitting system for a four-wheel drive
vehicle having a speed increasing device (speed changing device) 10 based on a front-engine front-drive (FF) vehicle.
As shown in FIG. 1, the power transmitting system for the four-wheel drive vehicle mainly includes a front differential
device 6 to which the power of an engine 2 located at a front portion of the vehicle is transmitted from an output shaft
4a of a transmission 4, a speed increasing device (speed changing device) 10 to which the power from the front differential
device 6 is transmitted through a propeller shaft 8, and a rear differential device 12 to which the power from the speed
increasing device 10 is transmitted.
[0030] The front differential device 6 has a structure well known in the art, and the power from the output shaft 4a of
the transmission 4 is transmitted through a plurality of gears 14 and output shafts 16 and 18 in a differential case 6a to
left and right front wheel drive shafts 20 and 22, thereby driving front wheels. As will be hereinafter described, the rear
differential device 12 includes a pair of planetary gear sets and a pair of electromagnetic actuators for controlling the
engagement of multiplate clutch mechanisms. The electromagnetic actuators are controlled to transmit the power to left
and right rear wheel drive shafts 24 and 26, thereby driving rear wheels.
[0031] FIG. 2 is a sectional view of the speed increasing device 10 and the rear differential device 12 located down-
stream of the speed increasing device 10. The speed increasing device 10 includes an input shaft 30 rotatably mounted
in a casing 28 and an output shaft (hypoid pinion shaft) 32. The speed increasing device 10 further includes an oil pump
subassembly 34, a planetary carrier subassembly 38, a lockup clutch 40, and a speed increasing clutch (speed increasing
brake) 42.
[0032] When the lockup clutch 40 is engaged, the rotation of the input shaft 30 is directly transmitted to the output
shaft 32 without changes in rotational speed. On the other hand, when the lockup clutch 40 is disengaged and the speed
increasing clutch 42 is engaged, the rotation of the input shaft 30 is transmitted to the output shaft 32 with the rotational
speed being increased by a predetermined amount. A detailed structure of the speed increasing device 10 is disclosed
in Japanese Patent Application NO. 2002-278836 previously filed by the present applicant. The rear differential device
12 located downstream of the speed increasing device 10 has a hypoid pinion gear 44 formed at the rear end of the
hypoid pinion shaft 32. The hypoid pinion gear 44 is in mesh with a hypoid ring gear 48, and the power from the hypoid
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ring gear 48 is input to the ring gears of a pair of left and right planetary gear sets 50A and 50B.
[0033] The sun gears of the planetary gear sets 50A and 50B are rotatably mounted on a left rear axle 24 and a right
rear axle 26, respectively. The planetary carriers of the planetary gear sets 50A and 50B are fixed to the left rear axle
24 and the right rear axle 26, respectively. In each of the planetary gear sets 50A and 50B, the planetary gear carried
by the planetary carrier is in mesh with the sun gear and the ring gear. The left and right planetary gear sets 50A and
50B are connected to a pair of left and right clutch mechanism (brake mechanisms) 51 provided to variably control the
torque of the respective sun gears. Each clutch mechanism 51 includes a wet multiplate clutch (brake) 52 and an
electromagnetic actuator 56 for operating the multiplate clutch 52.
[0034] The clutch plates of each wet multiplate clutch 52 are fixed to a casing 54, and the clutch discs of each wet
multiplate clutch 52 are fixed to the sun gear of each of the planetary gear sets 50A and 50B. Each electromagnetic
actuator 56 is composed of a core (yoke) 58, an exciting coil 60 inserted in the core 58, an armature 62, and a piston
64 connected to the armature 62. When a current is passed through the exciting coil 60, the armature 62 is attracted to
the core 58 by the coil 60 to thereby generate a thrust. Accordingly, the piston 64 integrally connected to the armature
62 pushes the multiplate clutch 52 to thereby generate a clutch torque.
[0035] Accordingly, the sun gears of the planetary gear sets 50A and 50B are fixed to the casing 54, and the drive
force of the hypoid pinion shaft 32 is transmitted through the ring gears, the planet gears, and the planetary carriers of
the planetary gear sets 50A and 50B to the left and right rear axles 24 and 26. By making variable the currents to be
passed through the left and right exciting coils 60, the output torques to the left and right rear axles 24 and 26 can be
variably controlled.
[0036] When the lockup clutch 40 of the speed increasing device 10 is engaged and the left and right exciting coils
60 of the rear differential device 12 are off, the left and right clutch mechanisms 51 are disengaged and the sun gears
of the planetary gear sets 50A and 50B therefore idly rotate about the left and right rear axles 24 and 26. Accordingly,
the drive force (torque) of the hypoid pinion shaft 32 is not transmitted to the left and right rear axles 24 and 26. In this
case, the rear wheels idly rotate and the drive force from the engine is fully transmitted to the front wheels, so that this
four-wheel drive vehicle runs in a two-wheel drive mode.
[0037] When predetermined amounts of currents are passed through the left and right exciting coils 60 to completely
engage the left and right multiplate clutches 52 through the pistons 64, the sun gears of the planetary gear sets 50A
and 50B are fixed to the casing 54. Accordingly, the drive force of the input shaft 30 is uniformly divided by the planetary
gear sets 50A and 50B and transmitted to the left and right rear axles 24 and 26. As a result, this four-wheel drive vehicle
runs in a four-wheel drive mode.
[0038] In the case of turning a corner having a small turning radius in the four-wheel drive mode in a medium vehicle
speed range, the lockup clutch 40 is disengaged and the speed increasing clutch 42 is engaged. Accordingly, the
rotational speed of the output shaft 32 is increased over that of the input shaft 30. The speed increasing rate is about
5%, for example. In such a case that the vehicle is turned in the condition where the rotational speed of the output shaft
32 is increased over that of the input shaft 30, the rear wheel on the turning outside can be rotated faster than the front
wheel on the same side, so that the drive force can be transmitted to the rear wheel on the turning outside, and the
turning performance in the medium vehicle speed range can be improved.
[0039] The loci of the front wheels and the rear wheels during turning of the vehicle will now be described with reference
to FIG. 3. Reference numeral 66 denotes the center of turning, reference numerals 68L and 68R denote the left and
right front wheels, respectively, and reference numerals 70L and 70R denote the left and right rear wheels, respectively.
It is assumed that the vehicle is turned counterclockwise about the center 66. Reference numeral 72 denotes the locus
of the front inner wheel 68L, reference numeral 74 denotes the locus of the front outer wheel 68R, and reference numeral
76 denotes the average locus of the front wheels. Reference numeral 78 denotes the average locus of the rear wheels
in the engaged condition of the lockup clutch 40, and reference numeral 80 denotes the locus of the rear outer wheel
70R in the engaged condition of the lockup clutch 40.
[0040] In the case of turning at high lateral G as shown in FIG. 3, the slip angle of the rear wheels becomes larger
(the cornering force becomes larger), so that the locus 80 of the rear outer wheel 70R is larger in radius than the average
locus of the rear wheels 78 in the engaged condition of the lockup clutch 40, and the drive force (torque) is not transmitted
to the rear outer wheel 70R. In the four-wheel drive vehicle according to the present invention, the speed increasing
clutch 42 of the speed increasing device 10 is engaged in this case, thereby increasing the rotational speed of the output
shaft 32 by about 5% over the rotational speed of the input shaft 30. Accordingly, the drive force (torque) can be transmitted
to the rear outer wheel 70R. Reference numeral 82 denotes the locus of the rear outer wheel 70R in the engaged
condition of the speed increasing clutch 42.
[0041] Operation modes of the drive force control method according to the present invention are shown in Tables 1A
and 1B.
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[0042] In Tables 1A and 1B, "Small", "Medium", and "Large" indicate the magnitudes of the engaging force of each
clutch. "Small" means 0 to 40 kgfm, "Medium" means 40 to 80 kgfm, and "Large" means 80 to 110 kgfm. In the case
that the vehicle speed is less than 30 km/h or greater than 120 km/h during turning, the lockup clutch 40 is engaged.
Further, also in the case that the lateral G is less than 0.075 G, the lockup clutch 40 is engaged.
[0043] In the case that the vehicle speed is 30 to 120 km/h and the lateral G is not less than 0.075 G during turning,
the speed increasing clutch 42 is engaged, so that torque transmission to the rear outer wheel is allowed. While the
engaging forces of the left and right clutches 52 during left turning are shown in Table 1, the magnitudes of the engaging
force of the left clutch 52 may be interchanged with the magnitudes of the engaging force of the right clutch 52 in the
case of right turning.
[0044] FIG. 4A shows the condition where the lockup clutch 40 is engaged at acceleration during straight running. In
this condition, the torque is transmitted uniformly to the left and right rear axles 24 and 26. In FIGS. 4A and 4B, torque
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transmission paths are shown by bold lines. FIG. 4B shows the condition where the speed increasing clutch 42 is engaged
at acceleration during left turning. In this condition, the engaging force of the right clutch 52 is controlled to become
larger than the engaging force of the left clutch 52, thereby increasing the torque distribution to the right rear axle 26.
[0045] While the operational conditions shown in Table 1 are the general outlines of the drive force control method
according to the present invention, the drive force control method will now be described in detail.
[0046] FIG. 5 is a block diagram of a control system according to the present invention. This control system has a
feed-forward control section 84, a feedback control section 86, and a speed increase control section 88. Engine torque
and transmission gear position are input into a block 90 in the feed-forward control section 84 to calculate a tire drive
force. A vehicle speed detected by a vehicle speed sensor 92 and a steering angle detected by a steering angle sensor
94 are input into a block 96 to calculate an estimated lateral acceleration (estimated lateral G).
[0047] A lateral acceleration (lateral G) detected by a lateral acceleration sensor (lateral G sensor) 98 is input into a
block 100 to determine a lateral acceleration (lateral G). The lateral G output from the block 100 is corrected by the
estimated lateral G output from the block 96 to obtain a control lateral G signal. This correction is made by averaging
the lateral G signal and the estimated lateral G signal, for example. The control lateral G signal is input into an outer
wheel decision block 102 to determine which of the right and left rear wheels is an outer wheel. The control lateral G
signal is also input into a block 104 to calculate a torque distribution ratio between the front and rear wheels, and is also
input into a block 106 to calculate a torque distribution ratio between the right and left wheels.
[0048] The vehicle speed detected by the vehicle speed sensor 92, the steering angle detected by the steering angle
sensor 94, the lateral G detected by the lateral G sensor 98, and a yaw rate detected by a yaw rate sensor 110 are input
into a vehicle model block 112 in the feedback control section 86 to calculate a slip angle of the vehicle. Further, a slip
angle threshold is calculated by a block 114 according to the vehicle speed detected by the vehicle speed sensor 92
and the lateral G detected by the lateral G sensor 98.
[0049] A rear wheel torque reducing amount is obtained by a block 116 according to a difference between the slip
angle and the slip angle threshold, and an outer wheel torque reducing amount is obtained by a block 118 according to
this difference. In other words, if the slip angle of the vehicle is greater than a predetermined value, it is determined that
the vehicle is in an unstable condition, and the rear wheel distributed torque and the outer wheel distributed torque are
reduced to eliminate this unstable condition.
[0050] An outer wheel signal from the outer wheel decision block 102, a rear wheel distribution ratio signal obtained
by correcting an output from the block 104 by an output from the block 106, and a rear outer wheel distribution ratio
signal from the block 106 are input into a block 108 to obtain a torque distribution ratio between the rear outer wheel
and the rear inner wheel. In a block 91, a delay element is added to the drive torque calculated by the block 90, i.e., the
estimated drive torque. This addition of the delay element is attained by interposing a low pass filter or by giving a dead
time. A greater one of the output from the block 90 and the output from the block 91 is next selected in a block 93 to
obtain a trailing edge corrected drive torque.
[0051] A left rear wheel torque command value is generated by a block 120 according to the drive torque corrected
by the block 93, the left rear wheel torque from the block 108, and the outer wheel torque reducing amount from the
block 118, and the left electromagnetic actuator 56 is controlled by a left clutch control section 122 according to the left
rear wheel torque command value generated above. Similarly, a right rear wheel torque command value is generated
by a block 124 according to the drive torque corrected by the block 93, the right rear wheel torque from the block 108,
and the outer wheel torque reducing amount from the block 118, and the right electromagnetic actuator 56 is controlled
by a right clutch control section 126 according to the right rear wheel torque command value generated above.
[0052] A speed increase threshold is calculated by a block 128 in the speed increase control section 88 according to
the vehicle speed detected by the vehicle speed sensor 92. The estimated lateral G calculated by the block 96 and the
speed increase threshold calculated by the block 128 are compared with each other, and it is determined by a block
130 that a speed increasing condition is to be provided when the estimated lateral G is greater than the speed increase
threshold, whereas the lockup condition is to be provided when the estimated lateral G is not greater than the speed
increase threshold. A speed increase signal or a lockup signal from the block 130 is input into a speed increasing device
control section 132 to control the speed increase/lockup of the speed increasing device 10.
[0053] The drive force control method of the present invention will now be described in detail. When the vehicle is
accelerated during turning, the vertical loads on the inner wheels and the front wheels are reduced by the influence of
lateral and longitudinal accelerations acting on the vehicle body. Further, since the front wheels are steered for turning,
a lateral force acting on the front wheels is greater than that acting on the rear wheels. The greater the vertical load, the
greater the drive force that can be generated by each tire. Therefore, the load on the tire of each front wheel is greater
than the load on the tire of each rear wheel during turning at acceleration, and the load on the tire of each inner wheel
is greater than the load on the tire of each outer wheel during turning at acceleration.
[0054] The load on each tire depends on the degree of turning (the magnitude of lateral G) and the magnitude of
acceleration. Owing to this tendency, understeer occurs in the vehicle during turning at acceleration, and the running
locus of the vehicle is deviated to the outside of turn. As a result, the acceleration performance during turning is limited.



EP 1 627 763 A2

10

5

10

15

20

25

30

35

40

45

50

55

It is effective to make the load on each tire uniform in improving this acceleration performance. According to the drive
force control method of the present invention, the torque distribution ratio between the front and rear wheels is controlled
so that the rear wheel torque is increased with an increase in lateral acceleration (lateral G), and the torque distribution
ratio between the right and left wheels is controlled so that the outer wheel torque is increased with an increase in lateral
G as shown in FIG. 6. Thus, the rear wheel torque distribution ratio and the outer wheel torque distribution ratio are
increased with an increase in lateral G. Accordingly, understeer occurring during turning at acceleration can be sup-
pressed to thereby allow stable acceleration.
[0055] The torque distribution between the front and rear wheels and the torque distribution between the right and left
rear wheels will now be described in detail with reference to the flowchart shown in FIG. 7. In step 10 (shown by "S10"
in FIG. 7), the lateral G signal from the lateral G sensor 98 is detected. In step 11, the estimated lateral G is calculated
according to the steering angle detected by the steering angle sensor 94 and the vehicle speed detected by the vehicle
speed sensor 92. In step 12, the lateral G signal is corrected by the estimated lateral G signal to calculate the control
lateral G. This correction is performed by averaging the lateral G signal and the estimated lateral G signal, for example.
[0056] The use of an output signal from a lateral G sensor as the lateral G signal is most general. However, it is known
that the output from the lateral G sensor delays from a turning operation by the operator. Further, an actuator for
performing the torque distribution generally has delay characteristics. Accordingly, if only the output signal from the
lateral G sensor is used, control delay occurs. To suppress such control delay, the estimated lateral G is calculated
according to the steering angle and the vehicle speed detected and the output signal from the lateral G sensor is corrected
by the estimated lateral G signal obtained above according to this preferred embodiment. Since the steering angle is a
turning operation itself by the operator, the estimated lateral G signal can be generated earlier than the output signal
from the lateral G sensor. As a result, a control command can be early output to thereby allow quick-response control.
[0057] After calculating the control lateral G in step 12, the program proceeds to step 13 to calculate the rear wheel
torque and the outer wheel torque according to the control lateral G. In step 14, it is determined whether or not the
vehicle is in an unstable condition. For example, in the case that the slip angle of the vehicle is greater than a predetermined
value or the change rate of the slip angle is greater than a predetermined value, it is determined that the vehicle is in
an unstable condition. These predetermined values may be changed according to the condition of a road surface. For
example, the smaller the coefficient of friction (P) between a road surface and each tire, the smaller the predetermined
values to be set. Accordingly, the unstable condition can be detected earlier and more accurately.
[0058] If the unstable condition of the vehicle is detected, the program proceeds to step 15 to obtain a rear wheel
torque reducing amount and an outer wheel torque reducing amount and to correct the rear wheel torque and the outer
wheel torque according to these reducing amounts, respectively. The rear wheel torque reducing amount and the outer
wheel torque reducing amount are increased with an increase in estimated slip angle as shown in FIG. 8. In other words,
the unstable condition of the vehicle is corrected in step 15 by making the torque distribution ratio between the front and
rear wheels greater on the front wheel side and making the torque distribution ratio between the right and left wheels
smaller on the outer wheel side.
[0059] If the unstable condition of the vehicle is not determined in step 14 or after the rear wheel torque and the outer
wheel torque are corrected in the unstable condition of the vehicle in step 15, the program proceeds to step 16 to calculate
an actuator control value according to the rear wheel torque and the outer wheel torque. This actuator control value
includes control values for the right and left electromagnetic actuators 56 and control values for the lockup clutch 40
and the speed increasing clutch 42 of the speed increasing device 10. In step 17, the right and left electromagnetic
actuators 56 are controlled and whether the speed increasing device 10 is to become a lockup condition or a speed
increasing condition is controlled according to the above control values. The degree of this speed increase is set so that
the rotational speed of the output shaft 32 becomes greater by about 5% than the rotational speed of the input shaft 30,
for example.
[0060] A control method for drive force (torque) distribution between the front and rear wheels of the four-wheel drive
vehicle will now be described with reference to the flowcharts shown in FIGS. 9 to 11.
[0061] Running condition detection processing will now be described with reference to the flowchart shown in FIG. 9.
In step 20, a turning condition is detected. More specifically, the lateral G signal detected by the lateral G sensor 98 is
corrected by the estimated lateral G calculated according to the vehicle speed and the steering angle to calculate the
control lateral G.
[0062] In step 21, a vehicle speed is detected from the signal from the vehicle speed sensor 92. In step 22, an
accelerator opening or throttle opening is detected. In step 23, a transmission shift position is detected. In step 24, a
transmission reverse range is detected. In step 25, a 4WD oil temperature, or an oil temperature of the rear differential
device 12 is detected. Target rear wheel torque calculation processing will now be described with reference to the
flowchart shown in FIG. 10. In step 30, a rear wheel torque according to the turning condition is calculated. In step 31,
a rear wheel torque correction amount K1 according to the vehicle speed is calculated. In this preferred embodiment,
the torque distribution to the rear wheels is decreased with an increase in the vehicle speed by using the correction
amount K1 as shown in FIG. 12.
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[0063] In step 32, a rear wheel torque correction amount K2 according to the accelerator opening or throttle opening
is calculated. In this preferred embodiment, the torque distribution to the rear wheels is increased with an increase in
the accelerator opening or throttle opening by using the correction amount K2 as shown in FIG. 13. In step 33, a rear
wheel torque correction amount K3 according to the transmission shift position is calculated. In this preferred embodiment,
the torque distribution to the rear wheels is decreased by using the correction amount K3 in the case that the transmission
shift position is a low-speed position or a high-speed position as shown in FIG. 14.
[0064] In step 34, a rear wheel torque correction amount K4 according to the reverse range is calculated. In this
preferred embodiment, the torque distribution to the rear wheels is decreased by using the correction amount K4 in the
case of reverse running. In step 35, a rear wheel torque correction amount K5 according to the 4WD oil temperature,
or the oil temperature of the rear differential device 12 is calculated. In this preferred embodiment, the torque distribution
to the rear wheels is decreased with a decrease in the oil temperature of the rear differential device 12 by using the
correction amount K5 as shown in FIG. 15.
[0065] In step 36, the rear wheel torque calculated in step 30 is corrected according to the correction amounts K1,
K2, K3, K4, and K5 to thereby calculate a target rear wheel torque. In step 40 of the flowchart showing 4WD control in
FIG. 11, an actuator control value is calculated according to the target rear wheel torque. In step 41, the actuator is
controlled according to the actuator control value calculated above. More specifically, the degree of engagement of the
right and left electromagnetic actuators 56 is controlled according to the control value to thereby control the torque
distribution ratio between the front and rear wheels.
[0066] Target rear outer wheel torque calculation processing will now be described with reference to the flowchart
shown in FIG. 16. In step 50, a rear outer wheel torque according to the turning condition is calculated. This turning
condition is determined according to the lateral G. In step 51, a rear outer wheel torque correction amount K6 according
to the vehicle speed is calculated. In this preferred embodiment, the torque distribution to the rear outer wheel is decreased
with an increase in the vehicle speed by using the correction amount K6 as shown in FIG. 17.
[0067] In step 52, a rear outer wheel torque correction amount K7 according to the transmission shift position is
calculated. In this preferred embodiment, the torque distribution to the rear outer wheel is decreased by using the
correction amount K7 in the case that the transmission shift position is a low-speed position or a high-speed position as
shown in FIG. 18. In step 53, a rear outer wheel torque correction amount K8 according to the reverse range is calculated.
In this preferred embodiment, the torque distribution to the rear outer wheel is decreased by using the correction amount
K8 in the case of reverse running.
[0068] In step 54, a rear outer wheel torque correction amount K9 according to the 4WD oil temperature, or the oil
temperature of the rear differential device 12 is calculated. In this preferred embodiment, the torque distribution to the
rear outer wheel is decreased with a decrease in temperature of hydraulic fluid for the rear differential device 12 by using
the correction amount K9 as shown in FIG. 19. In step 55, the rear outer wheel torque calculated in step 50 is corrected
according to the correction amounts K6, K7, K8, and K9 to thereby calculate a target rear outer wheel torque.
[0069] Further, as in step 40 of the flowchart shown in FIG. 11, an actuator control value is next calculated according
to the target rear outer wheel torque calculated above, and as in step 41 in FIG. 11, the degree of engagement of the
right and left electromagnetic actuators 56 are controlled according to the control value calculated above. The lock-
up/speed increase control for the speed increasing device 10 will now be described. The object of the lockup/speed
increase control for the speed increasing device 10 is to operate the speed increasing device 10 so that the outer wheel
can be driven during turning.
[0070] Accordingly, the lateral G signal is used to quickly and accurately determine the turning condition. In a straight
running condition of the vehicle, the lateral G is zero. Accordingly, by using a small value as a lateral G threshold, the
speed increasing device 10 can be controlled to a speed increase condition immediately after the vehicle starts turning.
For example, when the lateral G signal for the vehicle exceeds the lateral G threshold according to the vehicle speed,
the lockup condition of the speed increasing device 10 is changed to the speed increase condition. As a result, the speed
increasing can be performed before largely driving the outer wheel to thereby ensure a condition where the outer wheel
can be driven. Accordingly, a larger drive force can be applied to the outer wheel as compared with the inner wheel,
thereby improving the turning performance.
[0071] Further, by using the estimated lateral G signal calculated according to the steering angle and the vehicle speed
as the lateral G signal, the lateral G signal can be obtained more quickly during the process of transition from the straight
running condition to the turning condition. The steering angle is an input itself from the operator, and a delay of motion
of the vehicle is added to the actual generation of lateral G. In compensating for the drawbacks of a lateral G sensor, it
is also effective to partially correct the output signal from the lateral G sensor by using the estimated lateral G signal or
to use the average of the lateral G signal and the estimated lateral G signal.
[0072] A speed increase command is generated after the decision of turning. If the speed increasing device 10 is
operated immediately according to the speed increase command, the controller is influenced by the noise included in
the signal, and a speed increase stop command is generated every time the turning direction changes as in slalom
running, causing an increase in frequency of operation of the speed increasing device 10. In order to minimize the noise,
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shock, etc. due to the operation of the speed increasing device and reduce the frequency of operation of the speed
increasing device with a reduced size and weight, the speed increasing device 10 is controlled so that the command to
the speed increasing device 10 is not immediately executed, but the command is continued for about one second, for
example, prior to performing the actual operation of the device 10.
[0073] This control will now be described with reference to the flowcharts shown in FIGS. 20 and 21. FIG. 20 shows
the flowchart of change control from the lockup condition to the speed increase condition. In step 60, it is determined
whether or not a speed increase command is ON. If the speed increase command is ON, the program proceeds to step
61 to start time measurement by a timer. In step 62, it is determined whether or not the measured time T is greater than
a predetermined value T0.
[0074] If T > T0 in step 62, the program proceeds to step 64 to determine the speed increasing operation. Then, the
lockup clutch 40 of the speed increasing device 10 is disengaged and the speed increasing clutch 42 is engaged. If the
measured time T is less than or equal to the predetermined value T0 in step 62, the program proceeds to step 63 to
determine whether or not the speed increase command is OFF. If the speed increase command is not OFF, the deter-
mination of step 62 is executed again, whereas if the speed increase command is OFF, the determination of step 60 is
executed again.
[0075] Change control from the speed increase condition to the lockup condition will now be described with reference
to the flowchart shown in FIG. 21. In step 70, it is determined whether or not a lockup command is ON. If the lockup
command is ON, the program proceeds to step 71 to start time measurement by a timer. In step 72, it is determined
whether or not the measured time T is greater than a predetermined value T0. If T > T0 in step 72, the program proceeds
to step 74 to determine the lockup operation. Then, the speed increasing clutch 42 of the speed increasing device 10
is disengaged, and the lockup clutch 40 is engaged.
[0076] If the measured time T is less than or equal to the predetermined value T0 in step 72, the program proceeds
to step 73 to determine whether or not the lockup command is OFF. If the lockup command is not OFF, the determination
of step 72 is executed again, whereas if the lockup command is OFF, the determination of step 70 is executed again.
The object of this speed increase control is to improve the maneuverability of the vehicle by driving the outer wheel more
than the inner wheel. When the vehicle becomes an unstable condition, there is a case that any particular improvement
in the maneuverability is not desired under any circumstances such as counter steer running.
[0077] For example, when the slip angle of the vehicle body becomes greater than a predetermined value or when
counter steer such that the steering angle and the lateral G are different in sign is detected, the speed increase control
is inhibited. Accordingly, outer wheel driving that may invite a further degradation in behavior can be avoided to thereby
allow the stabilization of behavior. Such behavior stabilization control will now be described with reference to the flowchart
shown in FIG. 22. In step 80, it is determined whether or not counter steer is detected. If the counter steer is detected,
the program proceeds to step 82 to generate a lockup command, thereby engaging the lockup clutch 40 of the speed
increasing device 10.
[0078] If the counter steer is not detected in step 80, the program proceeds to step 81 to determine whether or not
the slip angle β of the vehicle body is greater than a slip angle threshold β0. If the slip angle β is greater than the threshold
β0, it is determined that the behavior of the vehicle is unstable, and the program proceeds to step 82 to generate the
lockup command, thereby engaging the lockup clutch 40 of the speed increasing device 10 to stabilize the behavior. In
such circumstances that an improvement in driving stability is not desired or that a large effect cannot be obtained by
the outer wheel driving as control, the speed increase control is inhibited to thereby allow a reduction in torque to be
input into the speed increasing device 10 and a reduction in frequency of operation of the device 10. Accordingly, this
is effective in reducing the weight of the device 10 and in improving the durability of the device 10.
[0079] For example, when the shift position is a first-speed position or a fifth-speed position, the speed increase control
is inhibited as shown in FIG. 23. That is, when the shift position is a first-speed position, a very large torque is generated.
However, since the vehicle speed at the first-speed position is low, the effect by the outer wheel driving cannot be so
obtained. Conversely, when the shift position is a fifth-speed position, the vehicle speed is too high and there is a danger
that the vehicle is excessively turned. Therefore, the speed increase control is inhibited also in this case. In addition,
when the shift position is in a reverse position, an improvement in driving stability cannot be expected and the speed
increase control is therefore inhibited.
[0080] Further, in an engine brake condition or during braking where the drive force cannot be transmitted to the outer
wheel, the speed increase control is also inhibited to thereby allow a reduction in torque to be input into the speed
increasing device 10 and a reduction in frequency of operation of the device 10. Accordingly, the weight of the device
10 can be reduced and the durability of the device 10 can be improved. Further, by controlling the speed increasing
device 10 into the lockup condition in the engine brake condition or during braking, a braking force can be applied to the
outer wheel, and this is effective also in suppressing oversteer occurring in braking during turning.
[0081] Such control in the engine brake condition or during braking will now be described with reference to the flowcharts
shown in FIGS. 24, 25A and 25B.
[0082] FIG. 24 shows the flowchart of control in the engine brake condition. In step 90, it is determined whether or not
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the drive torque is negative, that is, whether or not the vehicle is in the engine brake condition. If the vehicle is in the
engine brake condition, the program proceeds to step 91 to generate a lockup command, thereby disengaging the speed
increasing clutch 42 of the speed increasing device 10 and engaging the lockup clutch 40.
[0083] FIG. 25A is a flowchart showing the control during braking according to the first aspect of the invention. In step
100, it is determined whether or not the vehicle is being braked by the operator. If the vehicle is being braked by the
operator, the program proceeds to step 101 to determine whether or not the accelerator opening or throttle opening is
greater than or equal to a predetermined value. If the accelerator opening or throttle opening is less than the predetermined
value in step 101, the program proceeds to step 102 to generate a lockup command, thereby disengaging the speed
increasing clutch 42 of the speed increasing device 10 and engaging the lockup clutch 40. By controlling the speed
increasing device 10 into the lockup condition, a braking force can be applied to the outer wheel, and this is effective in
suppressing oversteer occurring in braking during turning.
[0084] Conversely, if the accelerator opening is greater than or equal to the predetermined value in step 101, the
program proceeds to step 103 to maintain the speed increasing device 10 in the speed increase condition. By this control,
a sufficient turning performance can be obtained during accelerated turning. As a modification, the accelerator opening
in step 101 may be replaced by a throttle opening.
[0085] In the case that the operation of the speed increasing device 10 is relied on the oil pressure of a pump driven
by an axle, there is a possibility that an oil pressure required for the speed increasing cannot be obtained at certain low
vehicle speeds. If the control is relied on only the lateral G threshold, a speed increase command is undesirably generated
in the stage where a sufficient oil pressure is not obtained, causing a possibility of adverse effects on the speed increasing
clutch 42. Further, when the vehicle speed becomes a value at which a sufficient oil pressure can be obtained, the lockup
condition is shifted to the speed increase condition. Accordingly, even during turning at this vehicle speed or higher, the
lockup condition is changed to the speed increase condition.
[0086] To avoid possible instability of the behavior of the vehicle because of the above control, the change to the
speed increase condition is inhibited until the vehicle runs straight at a given vehicle speed (V1) or more during low-speed
running at a given vehicle speed (V0) or less. Accordingly, the speed increase control at the vehicle speed V0 or less
can be avoided. Further, a rapid change to the speed increase condition during turning can also be prevented.
[0087] FIG. 25B shows the flowchart of control during braking. In step 100’, it is determined whether or not the vehicle
is being braked by the operator. If the vehicle is being braked by the operator, the program proceeds to step 101’ to
generate a lockup command, thereby disengaging the speed increasing clutch 42 of the speed increasing device 10
and engaging the lockup clutch 40. In the case that the operation of the speed increasing device 10 is relied on the oil
pressure of a pump driven by an axle, there is a possibility that an oil pressure required for the speed increasing cannot
be obtained at certain low vehicle speeds. If the control is relied on only the lateral G threshold, a speed increase
command is undesirably generated in the stage where a sufficient oil pressure is not obtained, causing a possibility of
adverse effects on the speed increasing clutch 42.
[0088] Further, when the vehicle speed becomes a value at which a sufficient oil pressure can be obtained, the lockup
condition is shifted to the speed increase condition. Accordingly, even during turning at this vehicle speed or higher, the
lockup condition is changed to the speed increase condition. To avoid possible instability of the behavior of the vehicle
because of the above control, the change to the speed increase condition is inhibited until the vehicle runs straight at a
given vehicle speed (V1) or more during low-speed running at a given vehicle speed (V0) or less. Accordingly, the speed
increase control at the vehicle speed V0 or less can be avoided. Further, a rapid change to the speed increase condition
during turning can also be prevented.
[0089] This control will now be described with reference to the flowchart shown in FIG. 26. In step 110, it is determined
whether or not the vehicle speed V is less than the given vehicle speed V0. If the vehicle speed V is less than the given
vehicle speed V0, the program proceeds to step 111 to inhibit the change to the speed increase condition. Thereafter,
the vehicle continues to run. In step 112, it is determined whether or not the vehicle speed V is greater than V1 which
is greater than V0 and the lateral G is less than GO. If the answer in step 112 is YES, the program proceeds to step 113
to permit the change to the speed increase condition. The value GO in step 112 is set to about 0.1 G. Further, the
determination in step 112 is to determine whether or not the vehicle is running straight at a vehicle speed greater than V1.
[0090] The delay element addition in the block 91 and the high select operation in the block 93 shown in FIG. 5 will
now be described with reference to FIGS. 27A and 27B. In FIG. 27A, the estimated drive torque calculated in the block
90 is shown by a solid line, and the delay element added drive torque obtained in the block 91 is shown by a broken
line. The delay time is suitably set to hundreds of milliseconds, for example. In the block 93, a higher one of the signal
output from the block 90 and the signal output from the block 91 is selected. Accordingly, the output from the block 93
becomes as shown in FIG. 27B.
[0091] In this manner, a predetermined delay element is added to a value for the estimated drive torque at the trailing
edge thereof, thereby allowing the stabilization of the vehicle behavior in removing a depression force from the accelerator
pedal. In other words, a change in behavior of the vehicle in rapidly removing a depression force from the accelerator
pedal can be reduced to thereby improve the drivability of the vehicle. In particular, a tack-out phenomenon (such that
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the vehicle shifts outward from a desired turning circle) occurring in removing a depression force from the accelerator
pedal can be suppressed.
[0092] While the present invention, according to its first aspect, is applied to a four-wheel drive vehicle having a speed
increasing device in the above preferred embodiment of the control during braking, the application of the present invention
is not limited to such a four-wheel drive vehicle. For example, the present invention is applicable also to a general
four-wheel drive vehicle, as described in Japanese Patent Laid-open No. Sho 58-56923, having front wheels as main
drive wheels normally connected to a driving power source and rear wheels as auxiliary drive wheels, wherein the drive
mode of the vehicle can be switched between a two-wheel drive mode and a four-wheel drive mode according to a
running condition.
[0093] A control method for such a general four-wheel drive vehicle during braking according to the present invention
will now be described with reference to the flowchart shown in FIG. 28. In step 121, it is determined whether or not the
brake pedal is depressed during running in the four-wheel drive mode (step 120). If the brake pedal is depressed, the
program proceeds to step 122 to determine whether or not the accelerator opening or throttle opening is greater than
or equal to a predetermined value.
[0094] If the accelerator opening or throttle opening is less than the predetermined value in step 122, the program
proceeds to step 123 to switch from the four-wheel drive mode to the two-wheel drive mode. This is due to the fact that
the control in turning as braking is stabler in the two-wheel drive mode. Conversely, if the accelerator opening or throttle
opening is greater than or equal to the predetermined value in step 122, the four-wheel drive mode is maintained (step
124). Such an operation that both the brake pedal and the accelerator pedal are simultaneously depressed is performed
under a limited circumstance such as at starting the vehicle on a snowy slope, and a sufficient slope starting performance
as a four-wheel drive vehicle can be obtained.
[0095] While the present invention is applied to a four-wheel drive vehicle based on a FF vehicle in the above preferred
embodiment, the control method of the present invention is also applicable to a vehicle such that the power from a driving
power source such as an engine is directly transmitted to the rear wheels, that the transmission of the power to the right
and left rear wheels can be controlled by a clutch or the like, and that the power can also be transmitted to the front
wheels by a clutch or the like. Further, the vehicle may be of such a type that the rear wheels are normally increased in
rotational speed.
[0096] While the present invention, according to its second aspect, is applied to a four-wheel drive vehicle based on
a FF vehicle in the above preferred embodiment, the control method of the present invention is also applicable to a
vehicle such that the power from a driving power source such as an engine is directly transmitted to the rear wheels,
that the transmission of the power to the right and left rear wheels can be controlled by a clutch or the like, and that the
power can also be transmitted to the front wheels by a clutch or the like. Further, the vehicle may be of such a type that
the rear wheels are normally increased in rotational speed.
[0097] According to a first aspect of the invention, a control method for a four-wheel drive vehicle includes the steps
of detecting a braking operation, detecting an accelerator opening or throttle opening greater than or equal to a prede-
termined value, and regarding the operational condition of the vehicle as the absence of a braking signal in the case
that the accelerator opening or throttle opening greater than the predetermined value is detected simultaneously with
the detection of the braking operation. According to a second aspect of the invention, in a drive force control method for
a four-wheel drive vehicle using an estimated drive torque for the control, a delay element is added to a value for the
estimated drive torque at the trailing edge thereof. With this control, the behavior of the four-wheel drive vehicle is
stabilized when a depression force applied to an accelerator pedal is removed.

Claims

1. A control method for a four-wheel drive vehicle such that the control is changed in braking the vehicle, comprising
the steps of:

detecting a braking operation;
detecting an accelerator opening or throttle opening greater than or equal to a predetermined value; and
regarding the operational condition of said vehicle as the absence of a braking signal in case that said accelerator
opening or throttle opening greater than or equal to said predetermined value is detected simultaneously with
the detection of said braking operation.

2. A control method for a four-wheel drive vehicle having main drive wheels connected to a driving power source,
auxiliary drive wheels adjustable in drive torque, and a speed increasing mechanism capable of being switched
between a same speed condition and an increasing speed condition of said auxiliary drive wheels with respect to
said main drive wheels, wherein said speed increasing mechanism can be switched to said increasing speed condition
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according to a running condition of said vehicle, said control method comprising the steps of:

detecting a braking operation;
detecting an accelerator opening or throttle opening greater than or equal to a predetermined value; and
maintaining said speed increasing mechanism in said increasing speed condition in case that said accelerator
opening or throttle opening greater than or equal to said predetermined value is detected simultaneously with
the detection of said braking operation.

3. A control method for a four-wheel drive vehicle having main drive wheels connected to a driving power source, and
auxiliary drive wheels, wherein the drive mode of said vehicle can be switched between a two-wheel drive mode
and a four-wheel drive mode according to a running condition of said vehicle, said control method comprising the
steps of:

detecting a braking operation;
automatically switching to said two-wheel drive mode when detecting said braking operation in said four-wheel
drive mode;
detecting an accelerator opening or throttle opening greater than or equal to a predetermined value; and
maintaining said four-wheel drive mode in case that said accelerator opening or throttle opening greater than
or equal to said predetermined value is detected simultaneously with the detection of said braking operation.

4. A drive force control method for a four-wheel drive vehicle using an estimated drive torque for the control, said drive
force control method comprising the step of:

adding a delay element to a value for said estimated drive torque at the trailing edge thereof.

5. A drive force control method for a four-wheel drive vehicle including a torque distributing mechanism capable of
changing a drive force distribution ratio between front and rear wheels and a drive force distribution ratio between
right and left front wheels or between right and left rear wheels, said drive force control method comprising the steps of:

detecting a lateral G to output a lateral G signal;
increasing the drive force distribution ratio of said rear wheels to said front wheels according to an increase in
absolute value of said lateral G signal;
increasing the drive force distribution ratio of a turning outer wheel as one of said right and left front wheels or
one of said right and left rear wheels to a turning inner wheel as the other according to an increase in absolute
value of said lateral G signal; and
adding a delay element to a value for an estimated drive torque at the trailing edge thereof.
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